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[Title of the Device] ELECTRON BEAM EXPOSURE 



[What Is Claimed Is:] 

An electron beam exposure apparatus having an 

15 electron gun which emits an electron beam, an electron 
lens system which focuses the electron beam, and a 
deflecting system which deflects the electron beam in a 
desired direction, characterized by including an 
exposure area changing device formed by arraying a 

20 plurality of gate plates each having a large number of 
gate holes that have separate electron beam blocking 
electrodes to which a voltage for controlling an 
electron beam is selectively applied such that the gate 
holes are arrayed, and a reduction electron lens system 

25 which reduces a diameter of an electron beam having 
passed said exposure area changing device. 
[Detailed Description of the Device] 
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The present device relates to an improvement in 
electron beam exposure apparatus . 

Semiconductor devices are being miniaturized and 
large-scale integrated day by day. To realize 
5 miniaturization and large-scale integration, 

micropatterning of a photoresist film is required. In 
a method of forming a photoresist film on a mask member 
and exposing the photoresist by irradiation of light, 
the wavelength of the light or the like limits 

10 micropatterning. As a method of solving this problem, 
there is available an electron beam exposure method 
which uses electron beams instead of light . 

An electron beam has undulatory characteristics, 
in addition to particulate characteristics. Since the 

15 wavelength of an electron beam is several orders of 
magnitude shorter than that of ultraviolet light , an 
electron beam is advantageously used to cope with 
micropatterning limited by diffraction. 

In a currently used electron beam exposure 

20 method, electrons emitted from an electron gun in a 
vacuum are focused into a thin electron beam. The 
electron beam is subjected to position control with a 
voltage applied to a deflection plate and is moved to a 
desired position of a photoresist. After that, the 

25 electron beam spot is successively moved to expose a 

desired area. For example, assume that squares 2 and 3 
on a photoresist film 1 are to be exposed, as shown in 
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Fig. 1. In this case, an electron beam is first moved 
to a position denoted by reference numeral 21, and 
exposure is performed while freezing the electron beam 
for a predetermined period of time. Then, the electron 
5 beam is moved to a position denoted by reference 
numeral 22, and exposure is performed again while 
freezing the electron beam for the predetermined period 
of time* In this way, the entire surface of the square 
2 is exposed by moving the electron beam spot . Upon 

10 completion of the exposure of the square 2, a voltage 
applied to the deflection plate is so controlled as to 
move the spot of the electron beam from the last 
position denoted by reference numeral 23 to a first 
position 31 of the square 3, Exposure similar to that 

15 for the square 2 is then performed. 

This exposure method is called a "flying spot 
method" . Since the diameter of the electron beam is 
about 0.1 #m, the number of times of the spot movement 
becomes large. Also, there is a limit to the maximum 

20 operating frequency of a deflection plate control 
circuit , and thus the moving velocity of the spot 
cannot be increased to 1 MHz or more. For this reason, 
electron beam exposure takes a longer time, and it 
often takes several days to pattern a little 

25 complicated LSI. 

The present device is a novel device in which the 
above-mentioned drawbacks are overcome. The present 
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device has as its object to provide an electron beam 
exposure apparatus which requires a shorter time for 
exposure in electron beam exposure. 

To achieve the above-mentioned object, according 
5 to the present device, there is provided an electron 
beam exposure apparatus having an electron gun which 
emits an electron beam, an electron lens system which 
focuses the electron beam, and a deflecting system 
which deflects the electron beam in a desired 

10 direction, characterized by including an exposure area 
changing device formed by arraying a plurality of gate 
plates each having a large number of gate holes that 
have separate electron beam blocking electrodes to 
which a voltage for controlling an electron beam is 

15 selectively applied such that the gate holes are 

arrayed, and a reduction electron lens system which 
reduces a diameter of an electron beam having passed 
the exposure area changing device. An embodiment of 
the present device will be described below in detail . 

20 Fig. 2 is a sectional side view showing the main 

part of an electron beam exposure apparatus according 
to the present device. Reference numeral 10 denotes a 
heater; 11, a cathode; 12, a grid; and 13, an anode. 
These components form an electron gun 14. An aperture 

25 plate 15 makes the sectional shape of an electron beam 
16 square. Reference numeral 17 denotes a condenser 
lens; and 18, an exposure area changing device 18. The 
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exposure area changing device 18 comprises three gate 
plates 19 , 20 , and 21, and an upper shield plate 22 and 
a lower shield plate 23 for preventing a control 
voltage to be applied to the gate plates 19, 20, and 21 
5 from externally exerting an influence. Electron lenses 
24 and 25 form a reduction electron lens system 26. 
Reference numeral 27A denotes a deflection plate which 
deflects the electron beam 16 in the X direction; and 
27B, a deflection plate which deflects the electron 
10 beam 16 in the Y direction. Reference numeral 28 

denotes a silicon semiconductor wafer 28 whose surface 
is coated with a photoresist. Reference numeral 29 
denotes a base on which the silicon semiconductor wafer 
28 is mounted. 

15 Note that the reduction electron lens system 26 

reduces the diameter of an electron beam from the 
exposure area changing device by a factor of about 100 
or more . 

Fig. 3 is an exploded perspective view showing in 
20 detail the exposure area changing device 18. 12 (H) x 
12 (W) , i.e., a total of 144 gate holes 192 are formed 
in a substrate 191 which constitutes the gate plate 19 
as the first layer and is made of a semi-insulating 
silicon semiconductor or ceramic. 144 gate holes 202 
25 and 144 gates holes 212 having the same shape and size 
are formed, at the same positions as those of the 
substrate 19, in the substrates 20 and 21 as the second 
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and third layers, respectively. 

A metal deposition electron beam blocking 
electrode 193 is provided around the inner side wall of 
each of the gate holes 192 in the first, second, 11th, 
5 and 12th columns of the gate plate 19, as shown in 

Fig. 4. Leader lines 194 in the first and 12th columns 
extend along the upper surface of the substrate 191 and 
are connected to terminal portions 195 arranged on the 
periphery of the upper surface of the substrate 191. 

10 Leader lines 196 in the second and 11th columns extend 
along the lower surface of the substrate 191 and are 
connected to terminal portions 197 arranged on the 
periphery of the lower surface of the substrate 191. 
A metal deposition electron beam blocking 

15 electrode 203 is provided around the inner side wall of 
each of the gate holes 202 in the third, fourth, ninth, 
and 10th columns of the gate plate 20. Leader lines 
204 in the third and 11th columns extend along a 
surface 201a of a substrate 201 and are connected to 

20 terminal portions 205 arranged on the periphery of the 
upper surface of the substrate 201. Leader lines 206 
in the 4th and ninth columns extend along a lower 
surface 201b of the substrate 201 and are connected to 
terminal portions 207 arranged on the periphery of the 

25 lower surface of the substrate 201. 

A metal deposition electron beam blocking 
electrode 213 is provided around the inner side wall of 
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each of the gate holes 212 in the fifth, sixth, 
seventh, and eighth columns of the gate plate 21. 
Leader lines 214 in the fifth and eighth columns extend 
along a surface 211a of a substrate 211 and are 
5 connected to terminal portions 215 arranged on the 
periphery of the upper surface of the substrate 211. 
Leader lines 216 in the sixth and seventh columns 
extend along a lower surface 211b of the substrate 211 
and are connected to terminal portions 217 arranged on 
10 the periphery of the lower surface of the substrate 
211. 

The upper shield plate 22 and lower shield plate 
23 each comprises a metal plate. 144 holes 221 and 144 
holes 231 having the same shape and size are formed in 
15 these metal plates, respectively. With this 

arrangement, 144 paths through which an electron beam 
passes are formed in the exposure area changing device 
18. An electron beam blocking electrode is provided in 
each path. 

20 The gate plate described above can be 

manufactured in the following manner. More 
specifically, e.g., 40-Mm-square gate holes 302 are 
vertically formed in a silicon substrate 301 having a 
thickness of, e.g., about 100 Urn by using sputter 

25 etching. Then, an insulating film 303 having a 
thickness of, e.g., about 1 Mm is formed on the 
surface of the substrate 301 by thermal oxidization. 
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This is for the purpose of coping with the electric 
conductivity of silicon. As shown in Fig. 5, gold (Au) 
is deposited obliquely from above to form a gold film 
304 on the upper surface and the inner surfaces of the 
5 holes 302. This deposition may be repeated by rotating 
the substrate 301 by 90°, as needed. A portion, formed 
on the upper surface, of the gold film 304 is patterned 
by photolithography to form wiring. 

Operation of the present device will be described 

10 next. 

First, the upper shield plate 22 and lower shield 
plate 2 3 of the exposure area changing device 18 are 
set at the same potential as that of the anode 
electrode 13, and additionally all of the 144 beam 

15 blocking electrodes of each of the gate plates 19, 20, 
and 21 are set at the same potential as that of the 
anode electrode 13. 

The heater 10 is then heated. The electron beam 
16 emitted from the cathode 11 is controlled by the 

20 grid 12 and is accelerated by the anode 13. After 
that, the electron beam 16 is made to have a square 
cross section by the aperture plate 15, passes through 
the condenser lens 17, and reaches the exposure area 
changing device 18. Since the 144 holes of the 

25 exposure area changing device 18 are at the same 

potential as that of the anode 13, the electron beam 16 
branches off and passes through the 144 holes. The 
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size of a formed real image is reduced to about 1/100 
by the reduction lens system 26. The real image is 
further deflected by the deflection plates 27A and 27B 
to form an image on the silicon semiconductor wafer 28. 
5 This image is, in practice, like 12 x 12 squares 

arrayed in a lattice pattern. There is a boundary 
portion which is not irradiated with an electron beam 
between two adjacent squares. 

Assume that a side of each gate hole formed in 

10 the gate plates of the exposure area changing device 18 
is 40 //m long, and that a boundary portion between two 
adjacent gate holes is about 4 ttm wide. In this case, 
since the size of the image of a hole formed on the 
photoresist is reduced to 1/100, the length of a side 

15 of the hole becomes 4,000 A, and the width of the 

boundary portion between two gate holes becomes about 
400 A. A commonly used electrosensitive resist has 
low resolution. Accordingly, boundary portions each 
having a width of about 400 A do not appear upon 

20 development, and square images each having a size of 
about 5 x 5 Mm appear. The area of the images is the 
maximum pattern area. 

When a positive or negative voltage is applied to 
a desired electron beam blocking electrode of the 

25 exposure area changing device 18, an electron beam 

component is deflected in the corresponding gate hole 
of the gate plate and does not pass straightforward. 
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For this reason, the electron beam component is blocked 
by f e.g., the immediately lower gate plate and does not 
hit the photoresist. Hence, by appropriately 
controlling the gate holes such that some gate holes 
5 allow electron beam components to pass through, and the 
remaining gate holes block electron beam components, a 
pattern having a desired shape can be obtained within a 
range of 144 pixels. If an electron beam is allowed to 
pass through only one gate hole, a small 4000- A -square 

10 pattern can be drawn. 

In the above assumption, the length of a side of 
each hole formed in the gate plates is set to 40 ttm, 
and the width of a boundary portion between two 
adjacent holes is set to 4 Mm. This is because 

15 smaller gate holes and boundary portions cannot easily 
be formed on the substrates. A plurality of gate 
plates are prepared because only one wire having a 
width of 2 Mm can extend along in each boundary 
portion. 

20 If the reduction lens system can reduce the size 

of an image by a factor of 100 or more, holes to be 
formed in gate plates and the boundary portions between 
them can be upsized. Accordingly, a larger number of 
wires can be arranged in the boundary portions , and the 

25 number of the gate plates can be reduced. 

The number of gate holes is not limited to 144, 
as in the above embodiment. If the number of gate 



- 10 - 



JPU 56-19402 



plates increases, more gate holes can be formed. 
Conversely, the number can also be reduced to several 
tens or several. 

As has been described above, according to the 
5 present device, an electron beam is divided into a 

plurality of beam components , and each beam component 
is controlled by an electron beam blocking electrode. 
This enables exposure to a desired shape at a time 
within a limited range. When the photoresist is 

10 irradiated with all the divided electron beam 

components at a time, a large area can be exposed. 

Besides , the apparatus of the present device is 
entirely electrically controlled, and thus a mask 
pattern program can be executed using CAD (Computer 

15 Aided Design) . 

[Brief Description of the Drawings] 

Fig. 1 is a front view showing the state wherein 
a photoresist surface is exposed by a flying spot 
method. Fig. 2 is a sectional side view showing the 

20 main part of an electron beam exposure apparatus 

according to the present device. Fig. 3 is an exploded 
perspective view of an exposure area changing device. 
Fig. 4 is a sectional view of a gate plate, and Fig. 5 
is a sectional side view of the main part of a gate 

25 plate at the main point of the step for explaining the 
manufacture of a gate plate. 
In the drawings , 
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